This paper addresses the optimal placement of static var compensators (SVCs) in a power system network in such a manner that power loss, voltage deviation and installation cost is minimized. Voltage deviation is minimized by improving voltage profile. The aim of this study is to minimizing the power loss, voltage deviation and installation cost under critical contingency and increasing load condition in power system network. The multi-objective function is carried out in this study. RCGA is used to solve the optimization problem in this paper which is one of the heuristic methods. Real Coded Genetic Algorithm optimization helps in determining the location of the SVC. The proposed approach has been tested on IEEE-30 Bus test system with different objectives. It has also been observed, we can apply this algorithm to larger systems with computational difficulties. The obtained results show that the suggested method of SVC placement is effective in reducing the real power loss, voltage deviation and installation cost during normal as well as critical contingency cases.
INTRODUCTION
FACTS (Flexible Alternating Current Transmission System) play a vital role in the emerging power system in enhancing the system stability by several factors. They are generally based on power electronics which is used for increasing transmission capacity in power system. They also have the capacity to control several parameters in transmission network. FACTS devices can enhance the stability of power system network and can support voltage with better controllability of their parameters like impedance, current, voltage etc [1] . FACTS have the capability to increase the reliability of power system networks and enhance power flow control of the system. These devices are popularly used for enhancing the overall performance of a power system. The systems performance has improved by appropriate location and sizing of the FACTS controllers. SVC is selected as the placement and sizing in the power system network. SVC reacts very fast and has high reliability as compared to mechanically switched capacitor banks. Static var compensator (SVC) is capable of effectively controlling the voltage profile by adjusting the reactive power at the point of connection. Among other FACTS controllers, SVC is more popular because its cost is low as compared to the other devices. This paper focuses on enhancement of the system performance under contingency through an optimal placement and optimal setting of SVC. There are several methods have been suggested to optimally locate these controllers in the system. In this paper, Genetic Algorithm is used to optimize the placement and sizing of FACTS devices in order to minimize the power loss, voltage deviation and installation cost of the System [2].
FLEXIBLE AC TRANSMISSION SYSTEM (FACTS)
FACTS devices are used for enhancement of power system stability and other various parameters. They primarily provide voltage support to the system when connected in shunt and regulate the power flow in lines when connected in series. Therefore by the use of combined series shunt controllers, we can achieve the both voltage and power flow control. There are various methods to connect the FACTS devices such as in series, shunt, series-series and series-shunt. The devices of series controllers are SSSC, TCSC etc. STATCOM, SVC, TCR, TSR, TSC, and TCBR are the members of shunt FACTS family. SVC is used in this study for minimizing the power loss, voltage deviation and installation cost.
STATIC VAR COMPENSATOR (SVC) 3.1 Basic structure
All SVC is a first generation FACTS controller. It is a variable impedance device in which the current through reactor is controlled by back to back connected thyristors. To exchange capacitive or inductive current its output is adjusted to maintain or control specific power variable typically, the control variable is the SVC bus voltage. It provides fast reactive power and voltage regulation support. The location of SVC is important in determining its effectiveness [3] . Thyristor switched capacitors and thyristor controlled reactors (TCR) are connected in parallel with the power system. One of the other main reasons for installing a SVC is to minimize voltage deviation and thus increase voltage profile of the system. The cost of SVC is lower than STATCOM. In solving voltage regulation, applications of static var compensator are used. The suitable control of this equivalent reactance allows voltage magnitude regulation at the SVC point of connection [4] . It injects reactive power into the system if QSVC<0 and absorbs reactive power from the system if QSVC >0 [4] . It is modeled as a generator or absorber of reactive power. The schematic diagram of such SVC system has been shown in Figure. 1 [5] [6] . 
Modeling of SVC
The SVC is a combination of a fixed capacitors and reactors. It can be used for both inductive and capacitive compensation. The objective of SVC is to maintain the desired voltage at a high voltage bus. The SVC can be operated at both inductive and capacitive compensation [7] . The reactive power generated by SVC is shown by equation (1).
PROBLEM FORMULATION
This is a multi-objective optimization function and the objective of this paper is to find simultaneously the optimal location and sizing of FACTS controllers so as to minimize the power loss, voltage deviation and installation cost. It is defined as the sum of minimization of power loss, voltage deviation and installation cost under contingency and increasing load condition. Therefore, it is multi-objective constrained optimization problem and formulated by the equation (3). ... (2) Where, F is sum of power loss, load bus voltage deviation and cost of installation, w 1 , w 2 and w 3 are the weight coefficient for power loss, voltage deviation and installation cost.
Power Loss
The second objective f 1 of this work is to minimize the power loss to determine the optimal location of SVC in the power system. The real power loss is calculated by the equation (3).
… (3)
Where V i is the voltage magnitude at bus i, Y ij is the magnitude of the admittance of the line from bus i to bus j.
Voltage deviation
Voltage deviation is the first objective function and it is defined as a measure for the quality of service. By observing the minimum value of voltage deviation, optimal location SVC can be determined. Hence, the voltage deviation of the buses is calculated by the equation (4).
… (4)
Where, b is the number of buses, V iref is the reference voltage, V i is the actual voltage.
Installation Cost
The second objective function f 3 is the installation cost of SVC. The optimal placement and sizing of FACTS device considering the installation cost of FACTS device has been mathematically formulated and it has been calculated by the equation (5).
Where, Q is the reactive power capacity of k th SVC in MVar [8] .
Equality constraints
The power flow balance equations are represent by the equality constraints which are as follows:
... (6) ... (7) Where, P Gi and Q Gi are the generated active and reactive powers at node i, P Li and Q Li are the load active and reactive powers at node i, G ik , B ik are the conductance and susceptance.
Inequality constraints
The power flow limit and bus voltage limits are represented by the inequality constraints which are as follows: Where, S l max is the thermal limit of the line or bus in steady-state operation.
Where, V i is the bus voltages which must be maintained around the nominal value [9] .
Generation Constraints
The generators constant for generator voltages, real power output and reactive power output are restricted by their lower and upper limit which are given as follows: [10] V Gi
PROPOSED METHODOLOGY Real coded Genetic Algorithm
Real Coded Genetic Algorithms are computerized search and optimization algorithms based on the mechanics of natural genetics and natural selection. In RCGA, variables are used directly, binary strings are not used. Holland proposed this algorithm in the 60's and 70's. This algorithm is used in this study for the optimal placement of SVC. It has desirable characteristics as an optimization tool and offers significant advantages over traditional methods. It is an evolutionary computing and excellent method for searching optimal solution in a complex problem [11] . It may be used to solve a combinatorial optimization problem. GAs starts with random generation of initial population which represents possible solutions of the problem. Meta-heuristic algorithm-based engineering optimization methods, including GA, have occasionally overcome several deficiencies of conventional numerical methods. This algorithm helps us to reach to a near global optimum solution.
A new set of string (i.e. chromosomes) is produced in each iteration of GA with improved fitness by using genetic operators [12] . The first step in the solution of an optimization problem using GA is the encoding of the variables. In working principle of GA, an unconstrained optimization problem is considered firstly. The maximization problem is given in equation (17).
The working of GA is completed by performing the following methods.
Coding
In order to use GA, variables x i 's are coded in string structure firstly. The coding of variables is not necessary here. GA is directly used on the variables themselves in some studies.
Fitness Function
In this method, fitness function F(x) is derived firstly from the objective function and used in successive genetic operations. In the case of maximization problem, fitness function can be same as the objective function or F(x)=f(x). In case of minimization problem, fitness function is equivalent to maximization problems such that optimum point remains same.
Operators
The operation of GA begins with a population of random strings like design or decision variables. Then each string is evaluated to find the fitness value and population is then operated by operators. The operators used in this algorithm are selection, crossover and mutation.
Reproduction-
In this process, chromosomes are choosing from the population to contribute in crossover and mutation processes which lead to produce new offspring. This process is usually based on the fitness value, in which parents are selected according to their fitness. The individual that has high fitness value will have more chance to be selected. In this we select the best chromosomes from the parents in hope that combining them will produce better offspring chromosomes. Hence, this process is responsible for transferring the individuals that have higher fitness to the new population. From the initial population, chromosomes are selected randomly to be parents for reproduction.
Crossover-
This operator is main distinguishing feature of a GA. By this operator, the information of two parents' genotypes is merged to produce one or two offspring genotypes. After this process, the new population may contain better individuals. It is a stochastic operator, where a random appointing of crossover sites in the individual strings is implemented. The values following the selected cross site are swapped between the two strings. The crossover process will/will not occur depending on the value of crossover probability.
Mutation-
Mutation is the process of replacing the gene value (allele) by another. The new value usually is a random value. This operator maintains diversity in the population. The aim of this process is to explore the whole search space to prevent the algorithm to be trapped in a local minimum. It can be noted that if the mutation probability is large, the search will be faster, while the diversity of population will be less. This leads to more convergence toward some local optima. [13] There are four ways which makes GAs differs from other optimization: 1) GA is working with a coding of the parameter set. 
RESULTS
The proposed method is implemented on IEEE 30-bus system shown in Fig.5 . The test bus system consists of 1 slack bus, 5 generator buses, 24 load buses. The first step is to determine suitable locations for the SVC based on their primary function. In this study, genetic algorithm is used to optimally locate SVC in the power system. To determine the optimal location and size of SVC devices in the network, the proposed real coded genetic algorithm has been implemented. Table .1 shows the results without SVC. Table. 2 shows the various objective functions after installation of the SVC devices. It is observable from table that the SVC placement by using the genetic algorithm leads to lower power loss, SVC cost, and slightly less voltage deviation. The SVC of different ratings and their respective optimal location as computed from the developed GA program are shown in Table 1 . After placing SVC at their respective optimal location the power loss, load bus voltage deviation and installation cost are obtained which are also shown in Table 1 . The computed value of power loss is voltage deviation is and cost of SVC is at the optimal location. Table.3 and table.4 shows the voltage profile with and without SVC. Fig.3 shows the convergence characteristics for SVC placement between generation and cost. Voltage profile at line outage 36 without and with SVC is shown in figure. 4. The voltage profile at critical load is shown in figure.5. The voltage profiles for line outage without and with SVC are given in the table below: 
Critical load
The voltage profiles at critical load without and with SVC are given in 
CONCLUSION
In this paper an algorithm for minimizing power loss, voltage deviation and installation cost has been proposed. The application of the real coded genetic algorithm as a meta heuristic optimization method for determining the optimal location of SVC device in a bus system has been presented. The proposed multi-objective real coded genetic algorithm has been implemented on the IEEE 30-bus system and the obtained results showed that the real coded genetic algorithm gives greater reduction in power loss, voltage deviation and total SVC costs. The results clearly indicate the efficiency of the proposed genetic algorithm while it determines the optimal location and sizing of the SVC devices. This algorithm is practical and easy to implement in large-scale power systems. 
